The value of cultures of tissue obtained by image-directed core needle biopsy of lung nodules has not been determined. Of the 250 biopsies performed during a 5-year period in an area endemic for coccidioidomycosis, 225 (90%) were diagnostic. Granulomas were identified in 75 specimens, whereas 3 specimens revealed abscess. Ziehl-Neelsen stain was positive for acid-fast bacilli (AFB) in 2 cases. Spherules of Coccidioides immitis were seen in 54 of the biopsy specimens with granulomas. Microbiologic cultures were positive for C immitis in 5 (9.6%) of 52 biopsy specimens.
Image-guided percutaneous core needle biopsy (CNB) is being increasingly performed in the diagnosis and treatment of solitary and multiple pulmonary nodules. Fine-needle aspiration (FNA) biopsy, which yields material for cytologic evaluation, is an established method with high sensitivity and specificity in the diagnosis of malignancy 1 ; cytologic examination alone, however, may not be definitive in categorizing a benign disease process. 2 Since the initial report on the efficacy of percutaneous CNB in the United States by Parker et al 3 in 1989, many radiologists have advocated the use of the automated biopsy gun to obtain tissue samples for definitive histologic diagnosis. [4] [5] [6] Because the main differential diagnosis of a localized pulmonary lesion is an infectious process or a neoplasm, a portion of the CNB tissue is usually submitted for microbiologic cultures in an attempt to isolate and identify the causative infectious agent. 6 Although cultures of many respiratory specimens, including s p u t u m , 7 transbronchial biopsy material, 8 bronchoalveolar lavage, 9 and transthoracic needle aspira-tion, 10 have been found valuable, the usefulness of culturing a CNB specimen has not been evaluated.
This study was conducted to determine the relative sensitivities of cultures and special stains for microorganisms in histologic sections of CNB specimens of pulmonary nodules.
MATERIALS AND METHODS
Between July 1990 and June 1995, 250 imagedirected percutaneous CNBs were performed in the radiology department of the Carondelet St Mary's Hospital in Tucson, Ariz, an area endemic for coccidioidomycosis. A 20-gauge spring-loaded automated biopsy gun (Monopty; Bard, Covington, Ga) was used to obtain specimens for histologic evaluation. All biopsy procedures were performed by the coaxial technique, with initial localization accomplished by an 18-gauge thin-walled guiding needle. Fluoroscopic guidance was used in 237 procedures, and 13 were directed by computed tomography.
The biopsy samples were collected and delivered in saline solution to the surgical pathology laboratory. A portion of the tissue was submitted to the microbiology laboratory for culturing; the remaining specimen was fixed in formalin and routinely processed. During sectioning, two slides containing contiguous ribbon of tissue were prepared at each level. One of the slides, representing one level of sectioning, was stained with hematoxylin-eosin, whereas the second slide was left unstained for possible special staining.
Isolation and identification of microorganisms were carried out by standard methods. In brief, for aerobic and anaerobic bacteria, the specimen was inoculated into thioglycolate broth, which was incubated at 35°C for 5 days. The broth was subcultured onto a p p r o p r i a t e media for identification. Mycobacterial cultures were performed by adding equal amounts of M/15 phosphate buffer at pH 6.8 to g r o u n d tissue, and inoculating it onto a Middlebrook/Mitchison biplate (Becton Dickinson Microbiology Systems, Cockeysville, Md) and into a BACTEC 12B vial (Becton Dickinson Diagnostic Instruments, Sparks, Md). Decontamination was not performed. The biplate was sealed and incubated at 35°C to 37°C in 10% C 0 2 in air. The BACTEC 12B vials were incubated at 35°C to 37°C. The media were incubated for 6 weeks. For fungal cultures, the ground tissue was concentrated and placed on plates of Sabouraud's dextrose agar, brain-heart infusion (BHI) agar with gentamicin, chloramphenicol and 10% sheep blood, and BHI broth. The media for fungi were incubated at 30°C for 4 weeks.
At the request of the radiologist, frozen section examinations were performed in 52 of the cases. The indications for frozen section included uncertainty about the position of the biopsy needle in relation to the nodule and determination of the adequacy of the specimen, especially when the lesion was suspected to be extensively necrotic.
Special stains were used in cases that revealed g r a n u l o m a t o u s inflammation. These i n c l u d e d methenamine silver and periodic acid-Schiff (PAS) stains for fungi and Ziehl-Neelsen stain for acid-fast bacilli (AFB). Gram's stain was performed only when pulmonary abscess was diagnosed.
Hematoxylin-eosin-stained sections of all biopsy samples showing infectious origin were reviewed. The number of examined sections per case ranged from 5 to 20 (mean, 10). Ziehl-Neelsen stain and stains for fungi (methenamine silver and PAS) were performed on 1 to 4 sections. The maximum number of organisms seen on special stains was determined in cases that revealed granulomas. Additional previously unstained sections (2 to 6 sections; mean, 4) of biopsy samples that revealed granulomas without an identifiable organism were stained by methenamine silver, PAS, and Ziehl-Neelsen methods.
Medical records of all the patients were reviewed with special reference to the following clinical and radiologic features: age and sex of the patient; site, size, and
Lung Biopsy Specimens number of radiographic nodules; history of smoking; prebiopsy radiologic assessment of lung nodules as probably benign, indeterminate, or probably malignant; and history of malignancy and follow-up, if available. The results of skin tests and serologic tests for coccidioidomycosis, whenever available, were also recorded.
RESULTS
Two hundred fifty core biopsies from 248 patients with pulmonary nodules were obtained. Two patients in whom the first biopsy specimen was nondiagnostic underwent a repeated biopsy.
The patients, 127 men and 121 women, ranged in age from 32 to 90 years (mean, 67.9 years). The mass was described as solitary in 221 patients, whereas in 27 patients multiple nodules were seen on radiographic examination. Before biopsy, the lesions were considered by the radiologist as malignant or probably malignant in 98 (67.6%), indeterminate in 45 (31%), and benign or probably benign in 2 (1.4%) of the 145 patients in whom a neoplasm was diagnosed subsequently on histologic examination. Of 80 granulomas at biopsy, 3 (3.8%) were judged malignant or probably malignant, 6 (7.5%) as benign or probably benign, and 71 (88.8%) as indeterminate. As expected, history of smoking was recorded in 95 (93.1%) of 102 patients with primary lung carcinoma; for 16 additional cases of primary lung carcinoma, the medical record did not contain information about smoking.
Definite histopathologic diagnosis was made in 223 (90%) of 248 patients. Of the 25 nondiagnostic biopsy specimens, necrosis was seen in 3, normal lung in 5, organizing pneumonitis in 2, and nonspecific changes in the others. Fungal and mycobacterial cultures of tissue specimens submitted from 14 of the 25 nondiagnostic biopsy specimens did not yield any pathogenic organisms. Open lung biopsies performed subsequently in these patients confirmed the diagnoses of coccidioidomycosis (5 cases), large cell undifferentiated carcinoma (3 cases), adenocarcinoma (1 case), and malignant lymphoma (1 case).
In 145 biopsy specimens, the diagnosis of a neoplasm was rendered (Table 1) . Primary lung carcinoma was diagnosed in 118 patients. Twenty-four pulmonary nodules were interpreted as representing metastatic lesions from various primary sites. The cause of the pulmonary nodule was nonneoplastic in 80 CNB specimens (see Table 1 ). In two patients, Wegener's granulomatosis was diagnosed on the basis of typical histologic findings, and confirmed by clinical features, serologic findings, and response to therapy. Pulmonary abscess was diagnosed in three patients: one caused by mixed bacteria, one due to Nocardia, and one in which Aspergillus was demonstrated on stains for fungus. Two of the biopsy specimens from patients with bacterial and nocardial abscesses were submitted for routine, AFB, and fungus cultures; cultures were negative ( Table 2) .
Granulomatous inflammation was noted in 75 biopsy specimens. AFB were seen on Ziehl-Neelsen stain in specimens from two patients; cultures of the needle biopsy specimens from both patients were negative. Organisms with histomorphologic features consistent with spherules of Coccidioides immitis were identified in 50 patients. In this group of patients, cultures for mycobacteria and fungi were submitted in 40 cases. Only 5 (12.5%) of 40 cultures grew C immitis (see Table 2 ).
Twenty-three biopsy specimens demonstrated granulomas without evidence of AFB or fungi on special stains. Cultures were performed on specimens from 12 patients in this group; none grew any pathogenic microorganisms. However, Ziehl-Neelsen stain and stains for fungi performed on previously unstained archived sections identified four additional coccidioidomycotic granulomas. Therefore, the overall Cultures of CNB specimens were positive only in those cases that revealed causative agents on histologic examination. In two of three patients whose specimens were positive for C immitis on stains, cultures of bronchial washings done prior to the biopsy procedure were negative. Two patients in whom granulomas had been diagnosed earlier without identifiable organisms in histologic sections of CNB underwent wedge resection of the lesion. Although sections of the wedge resection readily revealed spherules of Coccidioides, there was no growth on cultures of the tissue sampled from the excised lesion.
DISCUSSION
In the diagnosis and management of a pulmonary nodule, it is standard practice to submit material obtained by either open or needle biopsy for appropriate cultures. Despite this widespread and traditional practice, the usefulness of microbiologic cultures has not been well documented in the literature. A recent study of the relative sensitivity of special stains and cultures of open lung biopsy specimens showed that the sensitivity of stains for fungi (80%) and AFB (100%) was significantly more than that of cultures for fungi (20%) and AFB (50%)." Ulbright and Katzenstein 12 found 30 cases of granulomatous inflammation secondary to fungi, yet the culture was positive in only 1 case. Similarly, mycobacterial cultures were positive in only 7 of 30 cases of granulomas showing AFB in histologic sections. With this background, this study was carried out to determine whether cultures of a small fragment of tissue harvested at CNB contributed additional information to the identification of the infectious agent. Transthoracic needle biopsy of the lung is an important tool in the evaluation of focal and diffuse lesions. Because of the considerably less invasive nature of the procedure, needle biopsy is an attractive alternative to open lung biopsy when other avenues of investigation such as sputum examination and bronchoscopy have failed to provide a definitive diagnosis. The value of FNA biopsy in the diagnosis of malignant disease is well established, 1 whereas its reliability in providing definitive diagnosis in a benign, localized pulmonary nodule is less than optimal. In a study of 1,015 patients, Johnston 2 found that a specific diagnosis of benignity was made in only 11.7% of 316 patients in whom no neoplasm was diagnosed. Since the introduction of image-directed percutaneous biopsies with a biopsy gun by Parker et al 3 in 1989, CNB of the lung has become the biopsy method of choice in many institutions.
In this study, definitive diagnosis was made in 225 (90%) of 250 CNBs on histologic examination. In 78 cases, the cause of the mass was considered infectious, either suppurative (3 cases) or granulomatous (75 cases). Specific infectious organisms were identified in 59 (75.6%) of 78 cases (Gram's stain, 2 cases; ZiehlNeelsen, 2 cases, and fungus stains, 55 cases), a rate similar to that reported in open lung biopsy specimens. 11, 12 Inasmuch as the present study comprises patients from an area endemic for coccidioidomycosis, it is not surprising that spherules of C immitis were by far the most common organism (54 cases) identified in fungus stains of histologic sections. Cultures were positive in only 5 (8.9%) of 56 biopsy specimens submitted for microbiologic examination. Positive cultures were seen in only those cases in which the stains had previously enabled identification of the causative organism. To our knowledge, no studies in the literature compare the relative sensitivities of culture and stains on histologic sections of CNB tissue. In studies of FNA biopsy diagnosis of pulmonary tuberculosis, cultures were positive in 45.8% to 75% of smear-positive cases. 13, 14 Multiple factors that may contribute to the relative insensitivity of cultures have been cited in the literature. 11, 15 Antimicrobial therapy prior to the biopsy might explain negative cultures. However, none of the patients in this study received specific therapy before the biopsy procedure. Because a limited amount of tissue is obtained by CNB and the tissue given for microbiologic cultures is selected in a blind fashion, the most likely reasons for negative cultures in the presence of positive stains are the relatively small sample size and the unrepresentative nature of the specimen. Another possible explanation may be the number of organisms Vol. io;
Lung Biopsy Specimens present in the biopsy tissue. In this study, the mean number of spherules of C immitis in culture-negative specimens was 10.7 (range, 1 to 38 per section) compared with 23.0 spherules (range, 3 to 42 per section) in culture-positive specimens. In addition to the spherules, one of the five culture-positive specimens also showed C immitis in its mycelial phase, which may create easier conditions for growth in culture.
New approaches for improved detection and identification of organisms in localized pulmonary lesions are needed. Of 23 cases that showed granulomas but no organisms on initial sections, special stains carried out on previously unstained sections led to identification of C immitis in four patients. It is therefore advisable to stain additional sections for suspected organisms when initial sections are negative. Application of nucleic acid amplification techniques on formalin-fixed, paraffine m b e d d e d tissue, as has been described for Mycobacterium tuberculosis, 16 may be used when AFB stains fail to reveal organisms. However, the results of such assays need to be correlated with clinical findings, because false-positive results have been reported in patients with sarcoidosis. 17 Similar sensitive techniques to detect small numbers of fungi in tissue sections need to be developed and applied in clinical practice.
In conclusion, cultures of image-guided CNBs of lung nodules are insensitive and do not provide more information than can be achieved by histologic examination alone. Submission of tissue for cultures in a blind fashion may result in sacrificing diagnostic material. However, it should be emphasized that the findings of this study may not be applicable to areas not endemic for coccidioidomycosis; similar studies need to be performed in other areas to evaluate the usefulness of cultures. Elimination of cultures would lead to significant savings in the cost of the percutaneous needle biopsy procedure, which is being performed increasingly in the evaluation of pulmonary nodules.
